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FIG. 3 
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FIG. 5 
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FIG. 8 
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FIG. 10 
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FIG. 13 
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DEVICES, SYSTEMS, AND METHODS 
REGARDING IMAGES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims priority to, and incorporates by 
reference herein in its entirety, US. Provisional Patent Appli 
cation Ser. No. 60/945,179, ?led 20 Jun. 2007. 

BACKGROUND 

Robotic assembly machines often utiliZe video cameras to 
observe a component, part or Work piece being handled, 
machined or assembled. For instance, in the assembly of 
electronic components, chips or Wafers are often assembled 
into printed circuit boards by robots utilizing video cameras 
to position the components and/or to inspect the assembled 
device for defects throughout the process. In the microelec 
tronics industry, solder pads on surface-mount devices are 
often observed by machine vision systems for assembly and 
manufacturing purposes. The accuracy and reliability of a 
machine vision system is critical for proper alignment of the 
numerous components Which are to be mounted on a printed 
circuit board. For optimum alignment, solder pads must be 
clearly observed in high contrast With their background. 

Proper illumination of many different shiny and uneven 
surfaces, such as solder connections, foil packaging, ball 
bearings, etc., is critical if high quality robotics assembly is to 
be achieved. HoWever, such shiny and uneven surfaces are 
dif?cult to illuminate for accurate video imaging, and this 
creates a need for improved illumination of such objects 
being observed by machine vision cameras. 
When using previously available illumination systems to 

illuminate Work pieces having uneven, highly re?ective sur 
faces, the uneven re?ection of light from these surfaces fre 
quently produces erroneous images and signals When vieWed 
through the camera, thereby possibly resulting in an errone 
ous signal or incorrect/ inaccurate measurement. Errors of one 
or tWo thousandths of an inch in a ?ducial location measure 

ment for a single component are su?icient to ruin a large and 
expensive circuit board. Furthermore, previously available 
illumination systems for robotics handling of items have not 
produced a light Which is uniform over the entire object being 
observed. As a result, the re?ected image suffers from erro 
neous shadoWs, glints and glare thereby rendering it di?icult 
to determine the precise location or quality of the object. 

To date, many illumination devices have been developed to 
provide substantially uniform illumination of an object to be 
vieWed. For example, US. Patent Publication No. 2008/ 
0106794 to Messina, Which is incorporated herein by refer 
ence in its entirety, discloses illuminating a component via a 
beamsplitter comprising at least three distinct light-re?ection 
Zones. The beamsplitter can illuminate a component With 
light energy re?ected from each of a plurality of distinct light 
re?ection Zones. 

Similarly, US. Pat. No. 5,761,540 to White, Which is also 
incorporated herein in its entirety, discloses an illumination 
device for illuminating an object to be observed by a machine 
vision camera or the like With a continuous diffuse Wide 
angle light along the observation axis of the machine vision 
camera. A diffuser is mounted parallel to the observation axis, 
but is separated from a beamsplitter by a microlouver ?lter so 
that the microlouver ?lter prevents diffused light from the 
diffuser from directly illuminating any point of interest on the 
surface of the object to be observed. 
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2 
SUMMARY 

An illumination and/or imaging system including a dome, 
a croWn, and multiple light sources for illuminating an object. 
The multiple light sources can include dome lights, diffuse 
on-axis sources, diffuse off-axis sources, medium-angle 
direct light sources and loW-angle direct light source. The 
medium- and loW-angle sources can illuminate the object 
from one direction or from multiple directions simulta 
neously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A Wide variety of potential practical and useful embodi 
ments Will be more readily understood through the folloWing 
detailed description of certain exemplary embodiments, With 
reference to the accompanying exemplary draWings in Which: 

FIG. 1 is a perspective vieW of an exemplary embodiment 
ofa system 1000; 

FIG. 2 is a perspective vieW of an exemplary embodiment 
ofa system 2000; 

FIG. 3 is a side vieW of an exemplary embodiment of a 
system 3000; 

FIG. 4 is a perspective vieW of an exemplary embodiment 
ofa system 4000; 

FIG. 5 is a perspective vieW of an exemplary embodiment 
ofa system 5000; 

FIG. 6 is a side vieW of an exemplary embodiment of a 
system 6000; 

FIG. 7 is a sectional vieW of system 6000; 
FIG. 8 is a plan vieW of an exemplary embodiment of a 

system 8000; 
FIG. 9 is a sectional vieW of system 8000; 
FIG. 10 is a side vieW of an exemplary embodiment of a 

system 10000; 
FIG. 11 is a side vieW of an exemplary embodiment of a 

system 11000; 
FIG. 12 is a side vieW of an exemplary embodiment of a 

system 12000; 
FIG. 13 is a sectional vieW of system 12000; 
FIG. 14 is a detail vieW ofa portion 14000 of system 12000; 
FIG. 15 is a ?oWchart of an exemplary embodiment of a 

method 15000; and 
FIG. 16 is a block diagram of an exemplary embodiment of 

an information device 16000. 

DETAILED DESCRIPTION 

Certain exemplary embodiments can provide a system, 
Which can comprise a dome. The dome can have a truncated 
four-sided pyramid shape. The system can comprise a croWn 
adapted to be operatively coupled to an apex portion of the 
dome. The system can comprise a plurality of light sources 
adapted to illuminate an object. 
Camera based inspections can use lighting that is custom 

iZed for a given application. Customized lighting for an appli 
cation can be challenging When parts vary in geometry and/or 
?nish. Certain exemplary embodiments can provide a self 
contained imaging module With a plurality of different light 
ing techniques for machine vision applications to customiZe 
lighting applications (e.g., machine vision applications). 
A self-contained imaging system can comprise a camera 

adapted to obtain images of an illuminated object. The object 
can be illuminated by a set of controlled light sources, Which 
can comprise: 

a diffuse on-axis light source that can be directed toWard a 
beamsplitter, Which can re?ect a portion of li ght from the 
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diffuse light source such that light rays that are approxi 
mately parallel to an axis of vieW of the camera; 

a light source that can be directed toward a dome of the 
system, Which can re?ect diffuse off-axis light rays to 
de?ne an angle that is betWeen approximately 45 
degrees and 90 degrees relative to a plane that is sub 
stantially perpendicular to the axis of vieW of the cam 
era. The diffuse off-axis light source can comprise a rim 
that can be adapted to substantially prevent light rays 
from the diffuse off-axis light source from directly illu 
minating the surface of the object; 

a set of medium angle direct light sources attached to the 
dome that can direct light rays directly upon the surface 
of the object. Slots in the dome can permit passage of 
and direct the light rays. An angle of the light rays from 
the medium angle direct light sources relative to the 
plane that is substantially perpendicular to the axis of 
vieW of the camera can be approximately 45 degrees; 
and/or 

a set of loW angle direct light sources attached to the dome 
that can direct light rays directly upon the surface of the 
object. Slots in the dome can permit passage of and/or 
direct the light rays. An angle of light rays from the loW 
angle direct light sources relative to the plane that is 
substantially perpendicular to the axis of vieW of the 
camera can be approximately 30 degrees. 

Each of the set of light sources can be located at a prede 
termined distance and at a predetermined orientation relative 
to the ?eld of vieW of the camera. The system can comprise 
one or more standoffs and/ or a stand that position the system 
at a predetermined location relative to the object. The system 
can comprise a light Zone controller that, based upon infor 
mation obtained via the camera, can automatically determine 
a predetermined subset of the set of controlled light sources 
that are used to illuminate the object. The light Zone controller 
can cause the subset of controlled light sources to illuminate 
the surface of the object. 

FIG. 1 is a perspective vieW of an exemplary embodiment 
of a system 1000, Which can be a self-contained imaging 
system. System 1000 can comprise an imaging module 1100, 
a stand 1200, a pedestal 1300, an information device 1400 and 
a memory device 1500. Imaging module 1100 can be a 
machine vision imaging module. Imaging module 1100 can 
be mechanically coupled to stand 1200, thereby semi-?xedly 
positioning imaging module 1100 at a predetermined location 
relative to pedestal 1300. Stand 1200 can be adapted to slide 
ably change a distance of imaging module 1100 from pedestal 
1300. A distance betWeen imaging module 1100 and pedestal 
1300 can be established based upon a siZe and/or type of 
marking on the object. Pedestal 1300 can de?ne a plane that 
is substantially perpendicular to an axis of vieW of a camera 
comprised by imaging module 1100. 
An object can be placed on pedestal 1300 Within a ?eld of 

vieW of the camera of imaging module 1100. Imaging module 
1100 can be adapted to obtain image information regarding 
the object. With imaging module 1100 mounted to stand 
1200, With adjustment of the distance betWeen imaging mod 
ule 1100 and pedestal 1300, imaging information can be 
obtained regarding parts of varying thicknesses. 

Imaging module 1100 can be communicatively coupled to 
information device 1400. In certain exemplary embodiments, 
information device 1400 can be intrinsic and/or integral to 
imaging module 1100. In such embodiments, heat can be 
transferred from information device 1400 via an aperture 
and/or housing comprised by imaging module 1100. Infor 
mation device 1400 can be adapted to receive information 
from the camera and/or canbe adapted to control illumination 
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4 
of a set of light sources comprised by imaging module 1100. 
For example, a ?rst subset of the set of light sources can be 
automatically illuminated via information device 1400. The 
camera of imaging module 1100 can obtain image informa 
tion of an object and provide the image information to infor 
mation device 1400. Information device 1400 can be adapted 
to interpret the image information and automatically illumi 
nate a second subset of the set of light sources in order to 
attempt to obtain improved image information regarding the 
object. Information device 1400 can be adapted to iteratively 
change subsets of the set of light sources until the image 
information is deemed by information device 1400 to provide 
desired information (e.g., bar code information). Information 
device 1400 can be a machine vision information device 
adapted to interpret an image obtained via the camera of 
imaging module 1100. Information device 1400 can be 
adapted to store the image information in memory device 
1500. 

FIG. 2 is a perspective vieW of an exemplary embodiment 
of a system 2000, Which can comprise an imaging module 
2100. In certain exemplary embodiments, imaging module 
2100 can comprise a set of standoffs 2200, such as the four 
standoffs illustrated in system 2000. A count of standoffs can 
be any number that functions to support system 2000 relative 
to an object vieWed thereby. For example the count of stand 
offs can be 3, 4, 5, 6, 7, 8, etc. Standoff 2200 can alloW 
imaging module 2100 to be rested and/or pressed against a 
?xed object or surface. A height of set of standoffs 2200 can 
maintain a distance from the camera to the object. Standoffs 
2200 can be adapted to contact a surface upon Which system 
2000 is operatively placed and position system 2000 at a 
predetermined location relative to the object. 

FIG. 3 is a side vieW of an exemplary embodiment of a 
system 3000, Which can comprise an imaging module 3100, a 
set of vertical marks 3200, and a presentation accessory 3300. 
Certain exemplary embodiments can comprise various stand 
off and presentation accessories and/or indicators such as: 

set of vertical marks 3200 on one or more sides of imaging 
module 3100 to aid a user in manually positioning an 
object near a center of a ?eld of vieW of a camera com 

prised by imaging module 3100; and/or 
a presentation accessory With vieWing aperture, Which can 

maintain a Working distance from the camera to the 
object, etc. 

FIG. 4 is a perspective vieW of an exemplary embodiment 
of a system 4000, Which can comprise an imaging module 
4100. Imaging module 4100 can de?ne an aperture 4200, 
Which can alloW a camera comprised by imaging module 
4100 to vieW an object. 

FIG. 5 is a perspective vieW of an exemplary embodiment 
of a system 5000, Which can comprise an imaging module 
5100. In certain exemplary embodiments, imaging module 
5100 can de?ne an opening 5200. Opening 5200 can function 
as a handle for lifting, positioning, and/ or relocating imaging 
module 5100. In certain exemplary embodiments, imaging 
module 5100 can be a self contained unit that comprises unit 
identi?er compliant lighting, a camera, a lens, a light Zone 
controller board, a camera poWer supply board, one or more 
image acquire triggers, and/or light emitting diode status 
indicators, etc. 

FIG. 6 is a side vieW of an exemplary embodiment of a 
system 6000, Which can comprise an imaging module 6100. 
A section A-A taken of system 6000 is presented as FIG. 7. 

FIG. 7 is a sectional vieW of system 6000, Which can 
comprise a camera lens 7100, a camera 7200, a lighting 
attachment 7300, a light controller 7400, an image acquire 
trigger 7500, a ?rst light emitting diode (LED) read indicator 
















